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Objective  To evaluate motor excitability and hand function on the non-dominant side according to the polarity of 
transcranial direct current stimulation (tDCS) on the motor cortex in a healthy person.
Method  tDCS was applied to the hand motor cortex for 15 minutes at an intensity of 1 mA in 28 healthy right-
handed adults. Subjects were divided randomly into four groups: an anodal tDCS of the non-dominant 
hemisphere group, a cathodal tDCS of the non-dominant hemisphere group, an anodal tDCS of the dominant 
hemisphere group, and a sham group. We measured the motor evoked potential (MEP) in the abductor pollicis 
brevis and Jabsen-Taylor hand function test (JTT) in the non-dominant hand prior to and following tDCS. All study 
procedures were done under double-blind design.
Results  Th   ere was a signifi  cant increase in the MEP amplitude and a signifi  cant improvement in the JTT in the 
non-dominant hand following anodal tDCS of the non-dominant hemisphere (p<0.05). But there was no change 
in JTT and a signifi  cant decrease in the MEP amplitude in the non-dominant hand following cathodal tDCS on the 
non-dominant hemisphere and anodal tDCS of the dominant hemisphere.
Conclusion  Non-dominant hand function is improved by increased excitability of the motor cortex. Although 
motor cortex excitability is decreased in a healthy person, non-dominant hand function is maintained. A 
homeostatic mechanism in the brain might therefore be involved in preserving this function. Further studies are 
warranted to examine brain functions to clarify this mechanism.
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INTRODUCTION
  As described by Priori et al.,
1 non-invasive stimulation 
of the brain using transcranial direct current stimulation 
(tDCS) can modulate the activity of the cerebral cortex 
with the application of electrical current to the scalp, 
and may induce brain plasticity. Th  e  eff  ects of tDCS are 
variable depending on the location and polarity of the 
electrode. Anodal stimulation increases the excitability 
of the cerebral cortex whereas cathodal stimulation 
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decreases it.
2,3 It has been reported that motor evoked 
potentials (MEP) are increased
2-4 and the functions of the 
contralateral hand are increased when the primary motor 
area is stimulated with anodal tDCS in healthy adults.
5,6 
It has also been reported that MEP is increased
7,8 and the 
functions of the aff  ected hand are signifi  cantly improved 
if anodal tDCS is applied to the affected primary motor 
area in stroke patients.
7-10 Furthermore, cathodal tDCS of 
the primary motor cortex in healthy adults decreases the 
contralateral MEP amplitude by the reduction of cortical 
excitability.
2,3
  The modulation of the excitability of the cerebral 
hemisphere causes indirect changes in the excitability 
of the contralateral cerebral hemisphere through the 
interhemispheric projection. Therefore, if the tDCS 
altered the excitability in a specific area of the brain, it 
would cause indirect changes in the excitability of the 
corresponding area on the contralateral side.
11,12 Because 
the major mechanism of interhemispheric interaction 
is inhibition, decreased excitability of one side of the 
primary motor area will increase excitability of the 
contralateral side.
13 Inhibition of primary motor cortex 
by cathodal tDCS activates the contralateral motor cortex 
and leads to increased ipsilateral hand functions.
14 In 
addition, the affected hand function was improved by 
the application of cathodal tDCS to the non-affected 
primary motor area in stroke patients.
15-17 An increased 
excitability on one side leads to a decreased excitability 
on the other side. Therefore, it can be predicted that 
contradictory results will occur to hand function between 
the ipsilateral and the contralateral side. Most studies 
have reported improved contralateral hand functions 
by increased excitability or improved ipsilateral hand 
function by decreased excitability of motor cortex. Vines 
et al.
14 reported that anodal stimulation of the dominant 
hemisphere increased dominant hand function 
approximately 10% and decreased non-dominant hand 
function less than 2%. However the relationship between 
changes in hand functions and cortical excitability could 
not be identifi  ed because the MEP was not measured.
  Boggio et al.
6 demonstrated that anodal tDCS of the 
dominant hemisphere or the non-dominant hemisphere 
in healthy adults caused significant changes in non-
dominant hand function through evaluation of the 
Jabsen-Taylor hand function test (JTT). However, there 
were no signifi  cant changes in dominant hand function. 
This implies that dominant hand function was not 
improved due to a difficulty in further increasing the 
excitability of the dominant hemisphere following anodal 
tDCS application because it was already maximally 
activated. In the non-dominant hemisphere, however, 
the functional changes occurred due to the decreased 
use of the non-dominant hand. Accordingly, increased 
excitability of the non-dominant hemisphere by anodal 
tDCS would reverse the above changes to some extent 
and then lead to increases in non-dominant hand 
functions. 
  Little is known about the correlations between changes 
in the MEP and those in hand functions following 
stimulation of the cerebral cortex. Given the above 
background, we attempted to examine the correlations 
between the degree of activity of the cerebral cortex 
and functional changes following application of tDCS 
in healthy adults. We also attempted to determine the 
effects of changes in cerebral cortex activity on hand 
function in patients with brain injury such as stroke.
MATERIALS AND METHODS
Subjects
  The current study was investigated 28 healthy right-
handed adults (15 men and 13 women) with a mean age 
of 22.6±1.2 years. Inclusion criteria included a lack of a 
past history of diseases such as seizure or brain disease 
and that of other medical or surgical history. Subjects 
were fully informed of the side eff  ects and risks that they 
might experience during participation in the current 
study. Then, subjects submitted a written informed 
consent. Subjects were simply randomized to four 
groups with seven subjects each. The current study was 
conducted under a double-blind design and a maximal 
number of subjects were selected for Friedmann’s 
test. In the NDA (non-dominant hemisphere anodal 
stimulation) group, including three men and four 
women, the mean age was 22.1±2.2 years. In the NDC 
(non-dominant hemisphere cathodal stimulation) group, 
consisting of four men and three women, the mean age 
was 21.3±1.2 years. In the S (sham stimulation) group, 
composed of four men and three women, the mean age 
was 22.0±2.1 years. In the DA (dominant hemisphere 
anodal stimulation) group, containing four men and 
three women, the mean age was 21.7±1.5 years. There Eﬀ  ect of Stimulation Polarity of tDCS on Non-dominant Hand Function
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was no significant difference in age or male-to-female 
ratio between the four groups (Table 1).
Methods
  Transcranial direct current stimulation (tDCS): tDCS was 
given to the primary motor cortex (M1) at a magnitude 
of 1 mA for 15 min using a 5×5 cm sponge electrode with 
the use of Phoressor II Auto instrument (Iomed, Salt 
Lake City, USA) with the subjects in a sitting position. 
The non-dominant hemisphere was stimulated in the 
NDA group, the NDC group, and the S group. The non-
dominant primary motor cortex was stimulated with 
the anode in the NDA group, and the cathode in the 
NDC group. The reference electrode was placed on the 
contralateral supraorbital region. Although an electrode 
was placed in the S group similarly to the NDA group, the 
electrical stimulation was given at a magnitude of 1 mA 
only for 30 seconds initially. In the DA group, the anode 
was placed in the primary motor area of the dominant 
hemisphere. Prior to and following tDCS, MEP and JTT 
were measured.
  Motor evoked potential (MEP) test: MEP was measur-
ed by stimulating the cerebral hemisphere using a 
70-mm, figure 8-shaped coil with a Magpro
® X100 
instrument (Medtronic Inc, farum, Denmark). Subjects 
underwent the test in a sitting position on a chair with 
both arms completely relaxed. With regard to the site of 
the stimulation of the primary motor cortex, we selected 
a spot where the maximal amplitude was induced from 
the contralateral abductor pollicis brevis (APB). Using 
the stimulator, resting motor threshold was assessed as 
the lowest intensity able to evoke a MEP of more than 50 
μV in at least fi  ve out of ten consecutive trials. Th  en,  we 
performed a stimulation at an intensity corresponding 
to 120% of resting motor threshold.
11 We measured the 
latency and amplitude of the MEP from the APB. To 
minimize time-dependent changes in the location of 
the magnetic stimulation and that of the recording site, 
the site of stimulation was marked at a 1-cm gap over a 
rubber cap with the use of a ruler. As the location of the 
recording site, the area where the electrode was attached 
was marked using a marker. 
  Jabsen-Taylor hand function test (JTT): The JTT has 
been universally used to evaluate hand functions in 
patients with impaired functions or coordination of hand. 
This was done not only because each item of this test 
reflects proficient functions of the hand and arms that 
are needed to do daily activities, but also, because those 
functions can be compared within the normal range for 
which validity and reliability has been demonstrated.
6,18,19 
  In the current study, as described earlier, we performed 
a JTT for the left hand, the non-dominant side. First, to 
minimize the degree of the reduction of time depending 
on the times of participation, we priory performed the 
JTT six times. Th   is was based on previous reports that all 
subjects showed no further time shortening based on 
their experience in taking the test at a mean frequency of 
six times prior to their participation in the experimental 
study.
6 The JTT is composed of seven items including 
writing, turning over a card, holding a small object and 
then placing it in a can, placing a small object in a can 
with the use of a spoon, building a block, moving a light 
can and moving a heavy can. Th   e time to complete each 
item was measured and then the times for all items were 
summed. 
  Statistical analysis: Statistical analysis was performed 
using SPSS 12.0. Two-way repeated measures ANOVA 
was used to evaluate the effects of TIME(base, post) and 
Table 1. Comparisons of Age, Sex, and Pre-stimulation Measures between the Four Groups and Changes of MEP 
Amplitude and Jabsen-Taylor Test (JTT) Times after tDCS of Motor Cortex
Age
(years)
Sex
(male : female)
MEP amplitude (mV) JTT time (sec)
Pre Post Pre Post
NDA 22.1±2.2 3 : 4 1.80±0.5  2.78±0.6* 45.75±2.1  41.07±2.0*
NDC 21.3±1.2 4 : 3 2.58±0.9  1.23±0.6* 43.26±4.5 42.43±5.2
DA 21.7±1.5 4 : 3 2.15±0.5  1.21±0.4* 43.01±3.5 43.27±3.2
S 22.0±2.1 4 : 3 2.23±0.2 2.11±0.5 43.23±5.5 43.45±4.9
Values given are mean±standard deviation, *p<0.05
NDA: Non-dominant anodal stimulation group, NDC: Non-dominant cathodal stimulation group, DA: Dominant 
anodal stimulation group, S: Sham stimulation groupMin Kyun Sohn, et al.
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INTERVENTION(NDA, NDC, S, DA) on MEP latency and ampli-
tude and total JTT time. Post hoc analysis was performed 
using Student-Newman-Keuls (SNK) methods. 
  To compare changes between prior to and following 
the tDCS, percentile values of the amplitude of the MEP 
and total JTT times were calculated. Between group 
comparisons were done using one-way ANOVA for the 
diff  erence between INTERVENTION(NDA, NDC, S, DA). Pearson 
correlation analysis was done to identify the strength of 
correlations. Statistical signifi  cance was set at p<0.05.
RESULTS
Motor evoked potentials test
  There was no significant difference in MEP latency of 
the non-dominant hand between the four groups prior to 
the test, and no signifi  cant change after tDCS application 
in all groups. Also, there was no significant difference 
in MEP amplitude between the four groups (F3,24=2.269, 
p=0.106) prior to the test, but there were significant 
changes following (F1,24=16.405, p<0.001) and signifi  cant 
interactions (F3,24=34.809, p<0.001) between the types of 
stimulation and changes after stimulation. In post hoc 
tests, the MEP amplitude was signifi  cant increased in the 
NDA group and signifi  cantly decreased in both the NDC 
and the DA group (SNK: p<0.05) (Table 1) (Fig. 1).
Jabsen-Taylor hand function test
  Prior to the stimulation, there was no significant 
difference in total JTT time between the four groups 
(F3,24=0.0292, p=0.993). However, there was a significant 
change in JTT time after stimulation (F1,24=23.852, 
p<0.001) and a signifi  cant interaction between the types 
of stimulation and JTT time (F3,24=20.942, p<0.001). Post 
hoc tests showed that there was no significant change 
in the NDC group, the DA group and the S group. In 
the NDA group, however, the total time lapsed was 
signifi  cantly shortened (SNK: p<0.05) (Fig. 2, 3) (Table 1). 
Fig. 1. The MEP amplitude in the non-dominant abductor 
pollicis brevis before and after tDCS of the primary motor 
cortex showed a significant increase in the non-dominant 
anodal stimulation group (NDA), and a decrease in the 
non-dominant cathodal stimulation group (NDC) and 
the dominant anodal stimulation group (DA). Values are 
mean±standard deviation. Sham stimulation group(s).
Fig. 2. The total time of the Jabsen-Taylor test (JTT) in the 
non-dominant hand before and after tDCS of the primary 
motor cortex showed a significant decrease in the non-
dominant anodal stimulation group (NDA). Values are 
mean±standard deviation. Sham stimulation group(s).
Fig. 3. There was a negative correlation between changes 
in percentile value of the MEP amplitude and Jabsen-Taylor 
test (JTT) in the non-dominant anodal stimulation group 
(NDA) (r=-0.843, p<0.05) and a positive correlation in the 
non-dominant cathodal stimulation group (NDC) (r=0.878, 
p<0.01).Eﬀ  ect of Stimulation Polarity of tDCS on Non-dominant Hand Function
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Correlation between the two tests
  Analysis of the correlations between the percentile 
changes in MEP amplitude and JTT time after tDCS 
application showed a significant negative correlation in 
the NDA group (correlation coeffi   cient=-0.843, p=0.017), 
and a significant positive correlation in the NDC group 
(correlation coeffi   cient=0.878, p=0.009). In the DA group 
and the S group, there was no signifi  cant correlation (Fig. 
3).
DISCUSSION
  In the current study, following anodal tDCS of the 
cerebral cortex, the MEP amplitude was increased and 
the JTT time was decreased on the contralateral side. 
Following contralateral cathodal tDCS or ipsilateral 
tDCS of the cerebral cortex, the MEP amplitude was 
significantly decreased, but there was no significant 
change in hand function. In other words, although 
cortical excitability of the non-dominant hemisphere 
was decreased by direct cathodal stimulation or indirect 
contralateral anodal stimulation, there was a lack of 
evidence of impaired functions in the non-dominant 
hand.
  Boggio et al.
6,16 and Hummel et al.
20 performed 
anodal tDCS at an intensity of 1 mA for 20 minutes and 
reported that JTT time was significantly decreased of 
8.9% and 9.4%, respectively. These values were close 
to the 10.3% seen in our current study. These results 
indicate that the nervous tissue of the primary motor 
area was depolarized, and this led to increased activity 
of the corticospinal tract following the use of tDCS. 
Consequently, increased activity of the motor tract 
directly induced improvement of arm functions.
8 Jang 
et al.
21 reported that the activity of the cerebral cortex 
was increased on fMRI following anodal tDCS. We also 
demonstrated increases in MEP amplitude following the 
use of anodal tDCS. This implies that improved motor 
functions following brain stimulation might arise from 
increased activity of the primary motor cortex.
  On the other hand, Ko et al.
8 performed upper limb 
function tests through a box-and-block test, grip power 
and lateral prehension power tests, and reported that 
there was a significant positive correlation between the 
degree of improvement of functions and increases in the 
MEP amplitude. Also, in the current study, according 
to Pearson correlation analysis, there was a significant 
negative correlation between the percentile values of 
the changes in MEP amplitude and those in JTT times 
following anodal stimulation of the non-dominant 
hemisphere.
  Lang et al.
3 reported that the MEP amplitude was 
decreased by 27% following cathodal stimulation. 
Our results showed similar findings. They reported, 
regardless whether the anodal or cathodal stimulation 
was given, there was no significant change in the MEP 
amplitude in the contralateral hemisphere. However, 
we had contradictory results. We found that the MEP 
amplitude on the contralateral side was decreased 
following anodal tDCS. The above authors explained 
that an interhemispheric connection had a higher level 
of threshold as compared with the corticospinal tract 
and this had no effect on the cerebral cortex on the 
contralateral side. In the current study, however, subjects 
were stimulated at an intensity of 1 mA in the same 
manner as used by the above authors. It has also been 
reported that the functions of the upper extremities on 
the aff  ected side were improved following stimulation of 
the non-aff  ected cerebral hemisphere at an intensity of 1 
mA in patients with stroke.
15,16 Further studies are needed 
to identify this mechanism.
  Boggio et al.6 reported that there was no significant 
difference in the JTT in the sham group and the 
ipsilateral anodal stimulation group. These findings are 
in agreement with our results. 
  According to Vines et al.,
14 functions of the dominant 
hand were improved but functions of the non-dominant 
hand were impaired following anodal stimulation of the 
dominant hemisphere in normal right-handed adults. 
It was noted that the functions of the dominant hand 
were decreased but those of the non-dominant hand 
were improved following cathodal stimulation of the 
dominant hemisphere. These reports are contradictory 
to our results because non-dominant hand function was 
actually impaired in their study. According to the above 
authors, however, the functions of the non-dominant 
hand were improved by more than 10% following 
cathodal stimulation of the dominant hemisphere but 
those were decreased by less than 2% following anodal 
stimulation. Therefore, these results indicate that the 
actual degree of decrease in hand function was negligible. 
Vines et al.
22 reported that there were changes in function Min Kyun Sohn, et al.
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of the dominant hand and the non-dominant hand 
following stimulation of the dominant hemisphere, but 
there was no significant change in the functions of the 
dominant hand even following stimulation of the non-
dominant hemisphere. Th   us, these fi  ndings were thought 
to originate from asymmetry of the cerebral hemispheres. 
Although the above authors did not measure the activity 
of the cerebral cortex, because there was a response 
in the non-dominant hand under the same conditions 
of the stimulation, it can be inferred that there might 
be effects on the activity of the cerebral cortex. It can 
therefore be inferred that there might be an inconsistency 
between changes in the activity of the cerebral cortex 
and the functions of the hand. From this perspective, the 
above reports can be interpreted as being consistent with 
our results.
  In the current study, the activity of the cerebral cortex of 
the non-dominant hemisphere was decreased to 47.7% 
and 56.3%, respectively, following use of cathodal tDCS 
of the dominant hemisphere and anodal tDCS of the 
non-dominant hemisphere. But this did not lead to an 
actual decrease in the functions of the dominant hand. 
Hence, it has been speculated that another mechanism 
might be involved in maintaining hand functions in the 
human body. We used JTT, and Vines et al.
14,22 measured 
the sequential movement of fi  ngers. Hence, we could not 
completely rule out eff  ects due diff  erences between their 
tests and ours.
  To date, however, an insufficient number of studies 
have been conducted to examine correlations between 
changes in activity of the cerebral cortex and changes in 
hand functions. There are also an insufficient number 
of studies that have directly evaluated changes in the 
activity of the cerebral cortex on such imaging studies as 
fMRI. Th   ese deserve further study.
  The current experimental study was performed in 
healthy right-handed adults, which was based on 
the subjective judgment of the authors. No objective 
evaluations were attempted to determine which hand 
was dominant. Th   is is one of the limitations of the current 
study. However, because the current experimental study 
was performed for the left hand, a non-dominant hand 
of the subjects, we expected that there would not be 
any changes in the activity of the cerebral cortex or the 
functions of the hand following electrical stimulation.
CONCLUSION
  MEP amplitude and the JTT for the non-dominant hand 
were measured after tDCS application at intensity of 1 
mA for 15 minutes in healthy adults. Following anodal 
stimulation of the non-dominant hemisphere, there 
was a significant increase in the MEP amplitude and 
an improvement in the JTT. However, following anodal 
stimulation of the non-dominant hemisphere or cathodal 
stimulation of the dominant hemisphere, the MEP 
amplitude was significantly decreased, but there were 
no signifi  cant JTT changes. We presume that there is no 
consistent correlation between changes in the amplitude 
of the MEP and hand function, and a broad-spectrum 
of imaging studies such as fMRI might be needed to 
elucidate this mechanism. In addition, if our results are 
applied to patients with stroke, we would expect that the 
affected hand functions might be improved based on 
interhemispheric competition without impairments in 
non-aff  ected hand function following anodal stimulation 
of the aff  ected hemisphere or cathodal stimulation of the 
non-aff  ected hemisphere.
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